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1.0 SUMMARY OF FINDINGS AND RECOMMENDATIONS

11 SYSTEM CRITICALITY

The Link-Belt 260-Ton Truck Crane is assessed as critical. Failure of the system to support
the load during lifting operations could cause loss of life and/or vehicle. See section 4.0 for
additional information.

1.2 MECHANICAL FMEA SUMMARY

There were no mechanical Critical Items identified in the critical functions assessed in
section 4.0 for this system. See section 5.1 for additional information.

1.3 ELECTRICAL FMEA SUMMARY

There were no electrical Critical ltems identified in the critical functions assessed in section
4.0 for this system. See section 5.2 for additional information.

1.4 LPS CONTROL/MONITOR FUNCTIONS REVIEW SUMMARY

There are no LPS control/monitor functions associated with this system.

1.5 HAZARD ANALYSIS SUMMARY

A list of applicable hazard reports has been developed from: 1) A search of the KSC/RT
Hazard Database for existing, baselined hazards; and 2) New hazard reports generated as a
product of this analysis. Copies of all applicable hazard reports are attached. There were
three hazards identified during this analysis.

Table 1. Hazards ldentified

Identification Description Classification
SAA05MH43-003 HOA1 Truck Crane May Topple Controlled
While Lifting Flight Hard-
ware
SAA05MHA43-003 HO2 The Demag TC-4000 Truck Accepted Risk

Crane Operations Result in
Orbiter Damage While
Lifting at a Contingency
Landing Site Because of
Excessive Winds

RT-ENG-1019 Personnel Required to Accepted Risk
Perform Work While
Beneath Suspended Loads
During Flight Hardware
Processing at
KSC/DFRF/CLS

930818bkPS0108



SAAQ09FTO1-004
REV. A

1.6 FLEXHOSE FMEA SUMMARY

There were no critical flexhoses identified in the critical functions assessed in section 4.0 for
this system. See section 5.3 for additional information.

1.7 ORIFICE FMEA SUMMARY

There are no orifices associated with this system.

1.8 FILTER FMEA SUMMARY

There were no critical filters identified in the critical functions assessed in section 4.0 for this
system.

1.9 AREAS OF CONCERN SUMMARY

There were no Areas of Concern identified with this system.

1.10 SNEAK CIRCUIT ANALYSIS SUMMARY

There was no Sneak Circuit Analysis performed on this system.

111 RECOMMENDATIONS

This system has been designed in accordance with NSTS 07700 Vol. X and meets the GSE
“fail safe” requirement of paragraph 3.6.1.2.1.1. No changes are required or recommended
for this system.

1.12 CRITICALITY CATEGORY 1R ITEMS SUMMARY

There were ten criticality category 1R items identified in the critical functions assessed in
section 4.0 for this system. See section 12.0 for additional information.

2.0 SYSTEM BASELINE/GROUND RULES/DEFINITIONS/DOCUMENTATION
2.1 SYSTEM BASELINE

This system is baselined for STS by 79K09579, "KSC Facilities, Systems, and Equipment
Organizational Level OMD Baseline,” dated 7/1/93. The OMD Baseline Number is 330.00.

2.2 GROUND RULES

This analysis has been developed in accordance with NSTS 22206, Rev. C, “Requirements for
Preparation and Approval of Failure Modes and Effects Analysis (FMEA) and Critical ltems
List (CIL).”

The following additional ground rules and assumptions were used during this analysis.

a. Operator error will not be considered in the FMEA. It is assumed that the operator is
trained and will take appropriate corrective action in an emergency situation.

930819bkPS0108
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b. Crane will cease CLS mating operations when wind exceeds the velocities indicated in
Figure 1.

c. The outrigger jacks are deployed during pre-operational set up. Once seated the
holding valves do not reopen until operations are terminated and the jacks retracted.
Outrigger holding valve leakage severe enough to compromise stability would be
detected at this time terminating further operations.

930819bkPS0108
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2.3 DEFINITIONS OF CRITICALITY AND HAZARD CATEGORIES
The following criticality and hazard categories were used throughout this analysis.

2.3.1 Criticality Definitions and Categories. Criticality definitions and categories are defined
as follows:

Category Definitions
1 Single failure which could result in loss of life or vehicle.
iR Two hardware items, which if failed, could result in loss of life or
vehicle.
18 Single failure in a safety or hazard monitoring system that could

cause the system to fail to detect, combat, or operate when needed
during the existence of a hazardous condition and could result in
loss of life or vehicle.

2 Single failure that could result in loss (damage) of a vehicle system.

3 All others.
Cause - Major reason or event that produces a failure mode.
Component - A combination of parts, devices, and structures, usually self contained, which
perform a distinctive function in the operation of the overall equipment. A “black box” (e.g.,

transmitter, power supply, cryogenic pump, filter assembly).

Correcting Action - An identification of actions, automatic or manual, which could be taken to
mitigate the effect of failure.

Critical System - Ground Support Equipment/Facility Systems (GSE) is assessed as critical if
loss of overall system function or improper performance of a system function could result in
the loss of life, loss of vehicle, or loss (damage) of a vehicle system.

Critical Item - A critical item is defined as a Criticality Category 1, 1S, or 2 Single Failure
Point or a redundant hardware item where the second failure results in loss of life or vehicle
and the item is not capable of checkout prior to use.

Criticality Assessment - An analysis of each system function to determine if loss or improper
performance of the function could result in loss of life, vehicle, and/or loss (damage) of a
vehicle system without regard to redundancy.

Fail Safe - The ability to sustain a failure without causing loss of life/vehicle or damage to a
vehicle system. (Includes the capability to safe the systems and successfully terminate oper-
ations).

Failure - The inability of a system, subsystem, component, or part to perform its required
function within specified limits, under specified conditions for a specified duration.

930819bkPS0108



SAAQ9FTO1-004
REV. A

Failure Mode - A description of the manner in which an item can fail.

Function - The activity or operation that a part, component, or system must perform to accom-
plish its intended purpose.

Interface - The point or area where a relationship exists between two or more parts, systems,
programs, persons, or procedures wherein physical and/or functional compatibility is
required.

Like Redundancy - Identical hardware items performing the same function.
Redundancy Screens - The following screens will be evaluated for all identified criticality cat-
egory 1R items.

Screen A - The redundant item is capable of being checked and verified prior to use.

Screen B - Loss of the redundant item is readily detectable by the ground crew. (This
screen is not applicable to standby redundancy.)

Screen C - Loss of all redundant items cannot result from a single credible cause, such as
contamination.

Line Replaceable Unit (LRU) - An item whose replacement constitutes the optimum organiza-
tional maintenance repair action for a higher indenture item, i.e., any assembly which can be
removed and replaced as a unit from the system at the operating location.

Loss (Damage) of Vehicle System - Loss of the capability to provide the level of system per-
formance required for normal or emergency operations.

Operational Redundancy - Redundant elements, all of which are fully energized during the
subsystem operating cycle. Operational redundancy includes load sharing redundancy
wherein redundant elements are connected in such a manner that, upon failure of one unit,
the remaining redundant elements will continue to perform the subsystem function.
Switching out the failed element is not required.

Passive Component - A component that may be necessary to the performance or structural
integrity of the system but has no active function.

Prerequisite Control Logic - GSE software program logic that assures proper sequence of
commands.

Reactive Control Logic - GSE software program logic that assures automatic reaction to indi-
cated failures.

Safety or Hazard Monitoring System - A system whose function is to detect, combat, or
operate when needed during a hazardous condition which has occurred because of prior fail-
ures or events.

Standby Redundancy - Redundant hardware items that are nonoperative until they are
switched into the subsystem upon failure of the primary items. Switching can be accom-
plished by either automatic or manual means.

10
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Unlike Redundancy - Non-identical items performing the same function.

2.3.2 Hazard Definitions and Categories. Hazard definitions and categories are defined as
follows:

Hazard - The presence of a potential risk situation caused by an unsafe act or condition.

Hazard Analysis - The determination of potential sources of danger and recommended resol-

utions in a timely manner for those conditions found in either the hardware/software systems,
the person-machine relationship, or both, which cause loss of personnel capability, loss of
system, or loss of life or injury to the public.

Hazard Report Closure Classification.

a.

Sev

da.

Eliminated Hazard - A hazard that has been eliminated by removing the hazard source or
by deleting the hazardous operations.

Controlled Hazard - The likelihood of occurrence has been reduced to an acceptable
level by implementing the appropriate hazard reduction precedence sequence to comply
with program requirements.

Accepted Risk - Hazard which has not been counteracted by redundancy purge pro-
visions, appropriate safety factors, containment/isolation provision, backup
system/operation, safety devices, alarm/caution and warning devices, or special
automatic/manual procedures. Catastrophic hazards, critical hazards, hazards resulting
from failure to meet program requirements, and Single Failure Points (SFPs) in emer-
gency systems will be documented. A hazard will be classified as an “accepted risk”
only after (1) all reasonable risk avoidance measures have been identified, studied, and
documented; (2) project/program management has made a decision to accept the risk on
the basis of documented risk acceptance rationale; and (3) Safety management has con-
curred in the accepted risk rationale.

erity Level - Should the hazard occur, its worst case severity would be:

Catastrophic - Hazard could result in a mishap causing fatal injury to personnel, and/or
loss of one or more major elements of the flight vehicle or ground facility.

Critical - Hazard could result in serious injury to personnel, and/or damage to flight or
ground equipment which would cause mission abort or a significant program delay (one
or more days).

Marginal - Hazard could result in a mishap of minor nature inflicting first-aid injury to
personnel, and/or damage to flight or ground equipment which can be tolerated without
abort or repaired without significant program delay (less than one day).

Hazard Report Status.

a.

Closed - Corrective action to eliminate or control the hazard is completed, evaluated,
and verified and management actions to accept the safety risks are completed. Actions
taken, organization which performed actions and completion dates are to be docu-
mented in this data element.

Open - Corrective action evaluation and verification is in progress. The status shall
remain open until management has reviewed the actions taken and accepted the safety

1
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risk. Actions required, organization responsible for performing the actions and due
dates are to be documented in this data element.

2.4 DOCUMENTATION LIST

The following documents were used in completing this analysis:

Table 2 (Page 1 of 2). System Documentation List

Outstanding

Document/Drawing No. Rev. EO Numbers Title

NSTS 22206 Cc - Requirements for Preparation and
Approval of Failure Modes and
Effects Analysis (FMEA) and Critical
ltems List (CIL)

NSTS 22254 A - Methodology for Conduct of NSTS

NSS/GO-1740.9B

Hazard Analyses

NASA Safety Standard for Lifting
Devices and Equipment

Book No. 653 NA NA Model HC-268
Operators and Maintenance Manual
(Link-Belt)
Book No. 654 NA NA Model| HC-268
Parts Manual (Link-Belt)
28A3314-D Basic NA Hydraulic Schematic
28J3353-E B NA HC-268 Hyd. Schematic
w/Hydrostatic Swing 8 B.H.
28R0050-E Basic NA HC-268 Upper Wiring Diagram
28A3397-D Basic NA Carrier Wiring Diagram
1910.180 07/01/87 NA Code of Federal Regulations Labors
(OSHA)
ASME/ANSI 30.5-1989 - - Mobile and Locomotive Cranes
80K51760 - - Yundum Airport, Banjul, The
Gambia:
Orbiter Mate/Demate and Payload
Handling Fixture Installation
BOK51474 A - Ben Guerir AFB, Morocco,
Orbiter Mate/Demate and Payload
Handling Fixture Installation
B0OK51804 - - White Sands Missile Range, New

930819bkPS0D108
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‘Table 2 (Page 2 of 2). System Documentation List
Qutstanding
Document/Drawing No. Rev. EO Numbers Title
OMI| 85044 E - Post Landing Deservicing / Mate to
SCA - CLS
OMI Q3506 Basic Orbiter Mate/Demate Mobile Crane
Operation
OMI| Q3205 D - Operation of Mobile Cranes
SAAQ9FTO1-011 A 1 System Assurance Analysis of the

Manual Hydra-set Linear Positioning
Instruments

SAR 294-400-85-176 - - Safety Analysis Report Submittal
H70-0743-1, -2, -3

SAR 294-400-85-100 - - Safety Analysis Report Submittal
H70-0790

3.0 SYSTEM DESCRIPTION

The Link-Belt Mobile Crane, model HC-268, is used at KSC for general lifting operations in
support of the Shuttle program. It is also designated for use at Contingency Landing Sites
(CLS) for Orbiter / Shuttle Carrier Aircraft (SCA) mate and Payload recovery. The crane con-
sists of a stationary lower structure for travel, powered by one of two General Motors diesel
engines, and rotating upperworks which mounts a boom hoist. The upperworks contains a
boom hoist for raising and lowering the boom, two independent main hoists for lifting and
lowering the load, and a swing system for rotating the cab and boom. Power for these oper-
ations comes from the other General Motors diesel engine. Except where noted, operator
controls are manually operated hydraulic valves with mechanical linkages. For leveling and
stability, the crane uses five hydraulic outriggers. (Reference Figures 2 & 3).

3.1 MAIN HOIST SYSTEM

The main hoist system lifts and lowers the load which is suspended on wire rope extending
from the tip of the boom. The system has two independent rotating drums, front and rear,
each with its own brakes and clutches. The brakes and clutches are manually controlled, and
brake linkages are mechanical and/or hydraulic however, clutches are engaged by hydraulic
pressure and disengaged by spring action. Power to each drum comes from the torque con-
verter by way of a chain connected to a chain sprocket attached to the reduction shaft. The
output of the reduction shaft is split between a gear on one side of the rear drum and a
counter shaft. The counter shaft rotates opposite the reduction shaft and drives a gear on the
other end of the rear drum. (The gears on each drum rotate in opposite directions, providing
power in either direction.) The forward drum has two gears corresponding to, and meshing
with, the two rear drum gears. (Reference Figure 4.)

13
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The Main Hoist Brake System is comprised of three fixed position calipers and one disc
mounted on each drum. One caliper on each hoist is are operator controlled. The other
caliper is released with hydraulic pressure and is spring activated. The spring activated
calipers release when system hydraulic pressure exceeds 1450 PSI. They will apply when
hydraulic pressure is lost in the upperworks system and during shutdown. Each drum
employs a pawl ratchet as a third brake device. The pawl ratchet assembly is controlled by
spring and cylinder action. The operator controls cylinder activated release of the pawl. The
rear drum is equipped with a planetary gear which provides dual hoisting speeds. The oper-
ator can effectively lower or brake a load through clutch operation to allow a “controlled”
slippage or lowering of the load. The load can also be lowered by gravity using the brake or
by the torque converter (high precision for heavy loads).

3.2 SWING SYSTEM

The swing system rotates the crane in either direction by a driving swing pinion which
engages a stationary ring gear. The ring gear is mounted on the truck chassis. A manually
operated hydraulic valve controls left or right direction of swing. The swing brake is activated
by a separate manually operated hydraulic valve. Mechanically linked swing brake is
mounted on the swing pinion shaft. A mechanical lock engages the swing gear to fix the
rotating bed in position following a swing movement. Swing system power is received from
the torque converter through a power take off driven pump and a hydraulic motor system.
{Reference Figure 4.)

3.3 BOOM HOIST SYSTEM

The boom hoist lifts and lowers the boom by a wire rope which extends from the boom
drums, through the gantry sheaves, and to the pendant block sheaves. The system consists
of a rotating drum driven by a hydraulic motor and pump assembly powered via a power take
off from the torque converter. The Boom Hoist brake system is comprised of three inde-
pendent brakes. The main brake is a spring applied disc assembly. A drum pawl is used to
hold the drum and is controlled by the operator. The third brake is integral to the boom
planetary winch drive and is hydraulically released and spring applied. A hydraulic cylinder
controlled by a manual valve is used to pull the pins from the foot of the boom to facilitate
boom remaoval. (Reference Figure 4.)

3.4 TORQUE CONVERTER

Power for boom, swing, and hoist operations is provided by the fluid torque converter driven
by a GM diesel engine. (Reference Figure 4.)

3.5 HYDRAULIC OUTRIGGERS

Five hydraulic jacks, one front bumper and four outrigger beam mounted, provide stability
and leveling for the crane and lower carrier vehicle allowing 360° operations. The outrigger
hydraulic system is powered by a pump attached to the carrier transmission. The outrigger
system has one vertical bumper mounted cylinder assembly and four independent (vertical)
cylinder assemblies mounted on separate extendable beams. Each beam can be extended or
retracted by a manually operated hydraulic valve dedicated to each beam cylinder. Each ver-
tical cylinder assembly(s) is operated by a manually controlled hydraulic valve for each cyl-
inder assembly. There are four hydraulic cylinders controlled by manual valves which are
used to pull the outrigger beam pins to facilitate beam removal from the carrier.

14
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4.0 CRITICALITY ASSESSMENT

The system functions are identified in figure 6, System Functions Block Diagram, and

assessed on the following System Criticality Assessment Summary Sheets (Worksheet
5122-002).
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OUTPUTS

APPLIED LOAD ———
* ORBITER VEHICLE

OPERATOR -
CONTROL

LINK BELT
250-TON
TRUCK CRANE

HC-268

B/L: 330.00
PMN: H72-1390

——# STRUCTURAL
SUPPORT

[— FORCE/MOTION

* RAISE LOAD

* LOWER LOAD

* HOLD LOAD
(HYDRAULIC & ELECTRIC
ACTUATION, CONTROLS
AND POWER SYSTEMS)

* ROTATION

* OUTRIGGERS
SURFACE TRAVEL

—= ELECTRICAL SYSTEM

FIGURE 5. SYSTEM FUNCTIONS BLOCK DIAGRAM OF THE 250-TON LINK BELT
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5.0 FAILURE MODES AND EFFECTS ANALYSIS (FMEA)

5.1 MECHANICAL FMEA

The mechanical components of the critical functions assessed in section 4.0 for this system
were identified from the documents and diagrams referenced in the Documentation List and
are depicted on the following figure(s) and analyzed in the associated Mechanical FMEA

(Worksheet 5122-003). A passive items list precedes the Mechanical FMEA and is shown on
the following page (Worksheet 5122-004).
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MECHANICAL FAILURE MODES AND EFFECTS ANALYSIS
FOR THE

LINK-BELT 250-TON HC-268 TRUCK CRANE

PMN: H72-1390

The following components or category of components were considered passive in the anal-
ysis for this system.

Table 4. Mechanical Passive Item List

Find Number Nomenclature

None Load Hook Block

None Main Hoist Rope & Sheaves
None Main Boom

None Main Hoist Drums

None Jib Boom

None Boom Guy Ropes

None Gantry

None Boom Rope & Sheaves
None Boom Hoist Drum

None Hydraulic Hard Lines

None Carrier Structure

None Upper Structure

None Outrigger Beam Structure
None Jack Shaft Assy.

None Long Counter Shaft Assy.
WORKSHEET 5122-004 23
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Table § (Page 1 of 3. MECHANICAL FMEA - UPPER CRANE BOOM HOIST SYSTEM

System

LINK BELT 250-TON TRUCK CRANE

Subsystemn UPPER CRAME BOOM HOIST SYSTEM
Drawing No.28A3314-0/BOOK #854Sheet No. 1/NA

|

Program SPACE SHUTTLE

Station Set/Facility Code 29
Date AUGUST 1983
Refaranca Figure Used 3

PMN H72-1380 Prepared By B. KALLE, LSOC 52-11
! a. FAILURE MODE
7 b. CAUSE
c. FMN
| d. DETECTION METHOD FAILURE EFFECT
“ a. CORRECTING ACTION ON VEHICLE
FIND NO. _ f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME | PART FUNCTION g. TIMEFRAME SYSTEM PERFORMANCE PERSONMNEL SAFETY CAT
7-5-120.0 BOGM CIRCULATES AND PRESSUR- a. INOPERATIVE SO0M HOIST INOPERATIVE PRE- NO EFFECT 3
HOIST IZES HYDRAULIC FLUID TO WENTING ANY ADJUSTMENTS TO |
HYDRAULIC DRIVE THE HYDRAULIC BOOM B0OM CONFIGURATION. DELAY FOR "
PUMP HOIST MOTOR., REPAIRS. .
7-8-156.0 BOOM | CONVERTS ENERGY CIRCU- a. INOPERATIVE BOOM HOIST INOPERATIVE PRE- NO EFFECT. 3
HYDRAULIC | LATING IN THE PRESSURIZED VENTING ANY ADJUSTMENTS TG
| MOTOR HYDRAULIC FLUID INTO & BOOM CONFIGURATION. DELSY FOR
{ ROTARY MOTION TC DRIVE REPAIRS.
| THE BOOM HOIST.
| 5-007-098.0 300M RECEIVES POWER FROM a. GEARS DISENGAGE LOSS OF DRIVING FORCE TO ROTATE NO EFFECT. 3
i HOIST HYDRAULIC MOTCR TO DRIVE BOOM HOIST DRUM. THE BRAKE AND
| PLANETARY BOOM HOIST DRUM. PAWL WILL HOLD THE SYSTEM IN A
GEAR STATIC MODE. DELAY FOR REPAIRS.
5-012-136.0 BOOM _ RELEASES AUTOMATICALLY a. FAILS WITH BRAKE SET 200M CANNOT SE RAISED OR NO EFFECT. i3
HOIST DISC WHEN BOOM HOIST IS ACTI- LOWERED, !
BRAKE VATED. RESETS WHEN |
CALIPER MOTION |S COMPLETE, |
a. FAILS WITH BRAKE THE S00M CAN BE HELD WITH THE NO EFFECT 3
RELEASED OPERATOR CONTROLLED DISC ©R
PAWL BRAKES.
5-C07-028.0 | SPRING RELEASES AUTOMATICALLY a. BRAKE FAILS TO SET. OPERATCR CONTROLLED HYDRAULIC NO EFFECT. 3
| APPLIED WHEN BOOM HOIST IS ACTI- BRAKE OR PAWL MAY BE ENGAGED
| PLANETARY VATED. RESETS WHEN TO HOLD LOAD DELAY FOR REPAIRS.
| BRAKE MOTION IS COMPLETE.
a. BRAKE FAILS TO BOOM HOIST FUNCTION INOPERATIVE. NO EFFECT. 3
RELEASE DELAY FOR REPAIRS,
5-012-128.0 BOOM LOCKS BOOM HOIST AGAINST a. INOPERATIVE SO0M HOIST DISC BRAKE AND THE NO EFFECT. 3
HOIST | ROTATION, SPRING APPLIED PLANETARY BRAKE
DRUM PAWL | WILL HOLD THE BOOM HOIST DRUM.
| DELAY FOR REPAIRS.

Vv 'A3Y
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Table 9 (Page 2 of 3. MECHANICAL FMEA - UPPER CRANE BOOM HOIST SYSTEM

System

LINK BELT 250-TON TRUCK CRANE

Subsystem UPPER CRANE BCOM HOIST SYSTEM
Drawing No,Z843314-0/BOOK #6545heet No. 1/MNA
PMN H72-13%0

Program SPACE SHUTTLE

Station Set/Facility Code 32

Date AUGUST 1933

Reference Figure Used 3
Prepared By B. KALLE, LSOC 52-11

801054961 80E6
p00-22LS L3IHSHHOM

FIND NO.
PART NO.

PART NAME

PART FUNCTION

FAILURE MODE
CAUSE

FMN

DETECTICN METHOD
CORRECTING ACTION
TIME TO EFFECT
TIMEFRAME

FAILURE EFFECT ON
SYSTEM PERFORMANCE

FAILURE EFFECT |

ON VEHICLE "
SYSTEMS AND/CR

PERSONNEL SAFETY m

L¥

20
2843189

40
5120410

45
28J2253

31
28.J3385

BCOM
HOIST
CONTROL
YALVE

SHUTTLE
VALVE

DOUBLE
ACTING
CYLINDER,
S0OM
HOIST PAWL

DIREC-
TIONAL
CONTROL
VALVE (2)

a. BOOM
HOIST
BRAKE

b. BOOM
HOIST
DIsc
BRAKE

VALVE CONTROLS
HYDRAULIC FLOW TO HOIST
OR LOWER BOOCM,

THE VALVE SELECTS ONE QF
TWO INPUTS AND ROUTES
THE FLOW TO THE BOOM
HOIST DISC BRAKE
SOLENOQID.

THE CYLINDER ENGAGES OR
DISENGAGES THE PAWL.

WVALVE OPERATES BRAKE
WHEN ACTIVATED BY PRES-
SURE DIFFERENTIAL AT
SHUTTLE WALVE #40,

WVALVE FAILS IN HOIST
POSITION

WALVE FAILS IN LOWER
POSITION

WALVE LEAKS PAST BALL
AND SEAT

CYLINDER INOPERATIVE

WALVE FAILS IN BRAKE
SET POSITION

BOOM WOULD CONTINUE TO BE
HOISTED UNTIL OPERATOR APPLIES
BRAKE BY USING THE CONTROL SHUT
DOWN SWITCH OR THE BOOM ANGLE
LIMIT SWITCH DISABLES THE HOIST
FUNCTION. DELAY FOR REPAIRS.

BOOM WOULD CONTINUE TO BE
LOWERED UNTIL OPERATOR APPLIES
BRAKE BY USING THE CONTROL SHUT
DOWN SWITCH. DELAY FOR REPAIRS.

LESS THAN ADEQUATE PRESSURE
AVAILABLE TO RELEASE BOOM HOIST
BRAKES. THE PAWL COR SPRING
APPLIED BRAKES WILL HCLD BOOM.
DELAY FOR REPAIRS.

THE DRUM PAWL MECHANISM WOULD
NOT RESPOND TO OFERATOR
CONTROL ACTIONS. THE PawL
COULD NOT BE ENGAGED CR DISEN-
GAGED. |F THE PAWL DOES NOT
ENGAGE, THE BRAKES MUST BE
APPLIED. DELAY FOR REPAIRS.

SRAKE RELEASE {#1 OR #2) WOULD
NOT EUNCTICN DUE TO VALVE
FAILURE. THE BRAKES ARE SPRING
ACTIVATED AND WILL NOT RELEASE
UNTIL HYDRAULIC PRESSURE
RELEASES THEM. DELAY FOR
REPAIRS.

NO EFFECT. BOOM ANGLE I8
FIXED PRIOR TC LIFT.

NO EFFECT. BOOM ANGLE IS
FIXED PRIOR TQ LIFT

NOQ EFFECT.

NO EFFECT.

NO EFFECT.

23

¥ 'A3d

700-101460VVYS
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Table 9 (Page 3 of 3. MECHANICAL FMEA - UPPER CRANE BOOM HOIST SYSTEM

System

LINK BELT 250-TON TRUCK CRANE

Subsystem UPPER CRAME BOOM HOIST SYSTEM
Drawing No.2843314-D/BOOK #654Sheet Na. 1/NA

Program SPACE SHUTTLE

Station Set/Facility Code 99
Date AUGUST 1993
Reference Figure Used 3

PMN  H72-1390 Prepared By 3. KALLE, LSOC 5211
a. FAILURE MODE
b. CAUSE
c. FMN
| d. DETECTION METHOD FAILURE EFFECT
FIND NO. | f. TIME TO EFFECT FAILURE EFFECT ON SYSTEMS AND/OR CRIT
PART NO. PART NAME PART FUNCTION | 5. TIMEFRAME SYSTEM PERFORMANCE PERSONNEL SAFETY CAT
a. VALVE FAILS IN BRAKE SRAKE (#1 AND #2) WILL BE NO EFFECT. 3
RELEASE POSITION RELEASED BY HYDRAULIC PRESSURE
TO THE CALIPERS. NOTE: BRAKE #1
. AND #2 ARE REDUNDANT TO EACH
m OTHER. THE BOOM HOIST PAWL CAN
m ALSO BE ENGAGED TO HOLD THE
m S00M DRUM FROM TURNING. DELAY
m FOR REPAIRS.
53 CHECK THIS VALVE ALLOWS FREE a. VALVE FAILS OPEN HIGH PRESSURE FROM THE CONTROL | NO EFFECT. |3
780025 VALVE FLOW IN ONE DIRECTION AND SYSTEM PUMP WOULD ENTER THE m
BLOCKS FLOW IN THE OTHER BOOM HOIST MOTOR. THE BOOM
DIRECTION. HOIST DISC BRAKE WOULD BE “
APPLIED THROUGH FEEDBACK FROM ”..
THE BOOM HOIST MOTOR, DELAY FOR |
REPAIRS.
]
a2 VALVE LEAKS WHEN HYDRAULIC PRESSURE FROM BOOM NO EFFECT. 3

CLOSED

HOIST MOTOR COULD BLEED
THROUGH THE CHECK VALVE SEAT
AND ENTER THE HIGH PRESSURE LINE
FROM THE CONTRCL SYSTEM PUMP.
DELAY FOR REPAIRS.

Vv ‘A3
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5.2 ELECTRICAL FMEA

The electrical components of the critical functions assessed in section 4.0 for this system
were identified from the documents and diagrams referenced in the Documentation List and

are depicted on the following figure(s) and analyzed in the associated Electrical FMEA (Work-
sheet 5122-016).
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ELECTRICAL FAILURE MODES AND EFFECTS ANALYSIS
FOR THE

Link Belt 250-Ton Truck Crane
PMN H72-1390

Wire harnesses, cables, or connectors were not analyzed in the Electrical FMEA for this

system since a single failure (open or short) could not result in loss of life or vehicle. (Ref.
NSTS 22206 section 4.0, paragraph 4.4.1, subparagraph b[2])

All carrier electrical functions are non critical and therefore were not analyzed.
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5.3 FLEXHOSE FMEA

Failure of any flexhose associated with any critical function assessed in section 4.0 will result
in a automatic system shutdown and therefore non critical. No flexhose FMEA required.
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5.4 ORIFICE FMEA

There are no orifices associated with this system.

5.5 FILTER FMEA

The filters which serve the critical functions assessed in section 4.0 for this system were

identified and analyzed on the following Filter FMEA (Worksheet 5122-010). No critical filters
were identified in this system.
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6.0 CRITICAL ITEMS LIST
There were no Critical ltems identified in this system.

7.0 HAZARD ANALYSIS
The hazard analysis for the Link Belt 250-Ton Truck Crane HC-268 System was conducted in
accordance with NSTS 22254 and KHB 5310.9. The objective of this analysis is to:

* Document the hazards identified from the analysis of the Link Belt 250-Ton Truck Crane
HC-268 system

* Provide visibility of the risks associated with operation of the system
* Evaluate the adequacy of existing controls for the identified hazards

* Propose additional controls and new hazard reports as required

7.1 SAFETY CRITICALITY ASSESSMENT

The Link Belt 250-Ton Truck Crane HC-268 System is assessed as Safety Critical because it is
“Equipment Used for Handling Program Hardware.” (KHB 5310.9, Appendix Aj).

7.2 SCOPE

The following were assessed in the preparation of this hazard analysis:
¢ Design hazards that could result in damage to flight hardware or injury to personnel
* Operational/procedural hazards that occur during system use

* Functional interfaces to determine if any hazardous conditions exist across the interfaces
upstream and downstream of the equipment/system

7.3 SUMMARY OF ANALYSIS

System Safety Engineering has completed an analysis of the Link Belt 250-Ton Truck Crane.
Drawings associated with the equipment were reviewed and the system was analyzed with
emphasis on mechanical, electrical and hydraulic aspects. A KSC/RT Safety and Reliability
Hazard Data Base search for hazard reports pertaining to this analysis was performed by
Baseline (B/L) Number, Program Model Number (PMN) and Station Set (SS). There were
three associated hazards identified during this analysis which are presented below:

1) Hazard Report SAADSMH43-003 HO1 identifies the potential for damage to flight hardware
or injury to personnel should hydraulic pressure be lost to the crane’s outriggers causing the
outriggers to collapse. Should the outriggers collapse while the crane is performing a lift, the
crane may topple and drop the load. OMI Q3205 verifies the outriggers are fully extended
and blocked during pre-operation setup. OMI Q3205 performs a walk-around inspection of the
mobile crane to verify the outriggers are blocked to within 1/8 inch of the outrigger beams.

2) Hazard Report SAAO5SMH43-003 HO2 identifies the potential for loss of the Orbiter and/or
injury to personnel due to lifting of the Orbiter during excessive winds. Wind velocities speci-
fied by OMRSD requirements are implemented by OM| 35044. OMI| S5044 verifies wind condi-
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tions prior to the start of lifting operations. In addition, instructions for securing the Orbiter if
high winds arise during Orbiter/SCA mate are detailed in OMI 55044.

3) Hazard Report RT-ENG-1019 identified requirements for personnel to perform work while
beneath a suspended load during Orbiter/SCA mate which could lead to personnel loss of life
should the crane fail during operations. Precautions, identified in OMI| $5044 are taken to
ensure only designated personnel are allowed under the suspended load, crane operators
and observers are certified, trained and briefed, and all applicable preventive maintenance
has been performed on the crane and lifting equipment. For additional information, see the
attached hazard reports.

A qualitative fault tree analysis was developed with the top event identified as “Personnel
Injury/Loss of Life and/or Damage/Loss of GSE FHW.” Potential hazardous conditions leading
to the top event were identified and are assessed on the attached Space Shuttle System
Hazard Analysis Worksheets.
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HAZARD ANALYSIS DOCUMENTATION -

SAA Number System / Subsystem
SAAQ9FT01-004, Rev. A The Link Belt 250-Ton Truck Crane

See SAA Cover Sheet for applicable Baseline Number(s), Program Model Number(s), Work Unit Code(s) and Station Set(s).

The Hazard Analysis was based on the following documentation:

Document Number Title

NSTS 22254 - Methodology For Conduct Of NSTS Hazard Analyses
NSS/GO1740.9B - NASA Safety Standard For Lifting Devices & Equipment
Book No. 653 NA Model HC-268 Operators & Maintenance Manual (Link-Belt)
Book No. 654 NA Model HC-268 Parts Manual (Link-Belt) -
28A3314-D Basic Hydraulic Schematic
28J3353-E B HC-268 Hydrazine Schematic w/Hydrostatic Swing 8. B.H.
28R0050-E : Basic HC-268 Upper Wiring Diagram
28A3397-D Basic Carrier Wiring Diagram
1910.180 07/01/87 Code of Federal Regulations Labors (OSHA)
ASME/ANSI 30.5-1989 - Mobile & Locomotive Cranes
80K51760 - Yundum Airport, Banjul, The Gambia:

Orbiter Mate/Demate & Payload handling Fixture Installation
80K51474 A Ben Guerir AFB, Morocco:

Orbiter Mate/Demate & Payload handling Fixture Installation
80K51804 - White Sands Missile Range, New Mexico,

Orbiter Mate/Demate & Payload handling Fixture Installation
OMI S5044 E Post Landing Deservicing/Mate to SCA - CLS
OMI Q3506 Basic Orbiter Mate/Demate Mobile Crane Operation
OMI Q3205 D Operation of Mobile Cranes
SAAO9FTO1-011 A System Assurance Analysis of the Manual Hydra-set Linear

Positioning Instruments
SAR 294-400-85-176 - Safety Analysis Report Submittal - H70-0743-1,2,3
SAR 294-400-85-100 - Safety Analysis Report Submittal - H70-0790

. i J.

Safety Engineer Approved
James H. Mulberry W‘%’W‘Z’ e, 2-22-93
{ : upervisor, System Safety Engineering

KSC FORM 23.738 NS (REV. 4/52) %4 64
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KSC HAZARD REPORT printed 07/26/93 05:59:23 Contractor: Lgtgg A page 0
HAZARD NUMBER: SAAO5MH43-003 HO1l DATE IDENTIFIED: 01/11/82
STATUS (0/C): C MASTER # K-SPC-00205-8-KR TEAM: A26 LOG # 29

TITLE: TRUCK CRANE MAY TOPPLE WHILE LIFTING FLIGHT HARDWARE

RESP. ORGANIZATION: LsocC
LOCATION/STATION SETS:24,77
BASELINES: 323.01
PROGRAM MODEL NOS.:
EFFECTIVITY/MISSION: 26+

EQUIPMENT CATEGORY: C A-SHUTTLE HARDWARE C-SHUTTLE/GSE E-SUPPORT EQUIP.
B-PAYLOAD HARDWARE D-PAYLOAD/GSE F-FACILITY/SITE

RESOLUTION DOC.-- (ESR, EO, INC., OMI, OMRSD FILE 6, OTHER)

CR NUMBER: 504046G

FMEA/CIL: SAROS5MH43-003 TITLE: DEMAG TC-4000 TRUCK CRANE FOR CLS
OMRSD NUMBER: TITLE:
OMI NUMBERS: Q3205 REV.C1l
ESRS:
OTHER:

TYPE OF HAZARD: B A-DESIGN B-OPERATIONAL C-0THER
TYPE OF ANALYSIS: D A-PRELIMINARY B-SUBSYSTEM C-SYSTEM D-OPERATING&SUPP.

HAZARD CLOSURE CLASS.: C E-ELIMINATED C-CONTROLLED A-ACCEPTED RISK

HAZARD LEVEL: CN CA-CATASTROPHIC CR-CRITICAL CN-CONTROLLED
HAZARD GROUP: I SEVERITY: Cg PROBABILITY: B,
PREPARED BY: A A-SPC B-BOC C-PGOC D-Other
SAFETY ENGINEER: D. G. MAZARY DATE: 08/11/87
CONTRACTOR MGMT. APPROVAL(1l): JOHN W. JAMBA DATE: 04/15/88
CONTRACTOR MGMT. APPROVAL(2): LEROY B. SPIVEY DATE: 04/15/88
NASA APPROVALS(1l): J. ROBERT LANG DATE: 04/16/88
NASA APPROVALS(2): J. A. THOMAS DATE: 04/18/88
DATE APPROVED: CCB: 04/21/88 SSRP: 05/12/88 PRCB: 06/03/88
FUNCTION KEY: S8 S-NSTS/SHUTTLE I-INDUSTRIAL P-PAYLOAD

A-ADMINISTRATIVE O-OTHER CENTER/CONTRACTOR
KSC Computerized 6-32
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KSC HAZARD REPORT printed 07/26/93 05:59:23 Contractor: LSOC page 1
HAZARD NUMBER: SAAO5MH43-003 HO1 DATE IDENTIFIED: 01/11/82
STATHS - {O/C): C MASTER # K-SPC-00205-S-KR TEAM: 3A26 LOG # 29

TITLE: TRUCK CRANE MAY TOPPLE WHILE LIFTING FLIGHT HARDWARE

HAZARD DESCRIPTION:

The truck crane is used at the contingency landing site for Orbiter mate/demate
operations. It has an upper and lower structure; whereas, the upper structure
is for hoisting and the lower structure is for mobility.

Hydraulic pressure to outriggers could be lost during lifting operations of
Space Shuttle flight hardware.

HAZARD CAUSE(S):
A failure of the hydraulic system causes the outriggers to collapse allowing the
crane to topple while lifting a load.

HAZARD EFFECT(S):
Damage to flight hardware and/or injury to personnel.

ENGINEERING/SAFETY REQUIREMENTS:
NSS/G0-1740.9, chapter 3: Mobile Cranes, sequence 3.7.30

"The crane shall be level; where necessary, outriggers shall be extended and/or
crane shall be blocked properly before the load is moved."

-ELIMINATION/CONTROL/ACCEPTED RISK RATIONALE:
The control for this hazard is the OMI to verify the following sequences:
Seq. 05-006 Outriggers are fully extended.
Seq. 05-007 Outriggers are supporting the crane.
Seqg. 05-008 Outriggers are blocked and blocking is snugged up to within
one-eighth (1/8) inch of underside of outrigger beams.

VERIFICATION METHODS:
Quality buy off sequence 05-009 will ensure the controls are in place.

REMARKS/COMMENTS: (INCLUDE BACKGROUND, STATUS OF OPEN WORK, INTERFACES
WITH FLIGHT HARDWARE, OTHER CENTERS, ETC...)

REMARKS:

The GERB evaluated and assessed this hazard to be controlled and closed.

5/12/88 - SSRP requested update to safety requirements.

KSC Computerized 6-32
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KSC HAZARD REPORT printed 07/26/93 06:01:31 Ccntractorﬁﬂkséc page O
HAZARD NUMBER: SAAO05MH43-003 HoO2 DATE IDENTIFIED: 01/11/82
STATUS (0/C): C MASTER # K-SPC-00206-S-KR TEAM: A26 LOG # 30

TITLE: THE DEMAG TC-4000 TRUCK CRANE OPERATIONS RESULT IN ORBITER DAMAGE WHILE
LIFTING AT A CONTINGENCY LANDING SITE BECAUSE OF EXCESSIVE WINDS

RESP. ORGANIZATION: LsocC
LOCATION/STATION SETS:77
BASELINES: 323.01
PROGRAM MODEL NOS.:
EFFECTIVITY/MISSION: 26+

EQUIPMENT CATEGORY: c A-SHUTTLE HARDWARE C-SHUTTLE/GSE E-SUPPORT EQUIP.
B-PAYLOAD HARDWARE D-PAYLOAD/GSE F-FACILITY/SITE

RESOLUTION DOC.-- (ESR, EO, INC., OMI, OMRSD FILE 6, OTHER)
CR NUMBER: 50414C
FMEA/CIL: SAAO5MH43-003 TITLE: DEMAG TC-4000 TRUCK CRANE FOR CLS
OMRSD NUMBER: VOOABO.030 TITLE: FILE III
OMI NUMBERS: 855044
ESRS:
OTHER:

TYPE OF HAZARD: B A-DESIGN B-OPERATIONAL C-OTHER
TYPE OF ANALYSIS: D A-PRELIMINARY B-SUBSYSTEM C-SYSTEM D-OPERATING&SUPP.

HAZARD CLOSURE CLASS.: A E-ELIMINATED C-CONTROLLED A-ACCEPTED RISK

HAZARD LEVEL: CA  CA-CATASTROPHIC CR-CRITICAL CN-CONTROLLED
HAZARD GROUP: I SEVERITY: Cg PROBABILITY: A,
PREPARED BY: A A-SPC B-BOC Cc-PGOC D-Other
SAFETY ENGINEER: D. G. MAZARY DATE: 08/11/87
CONTRACTOR MGMT. APPROVAL(1): JOHN W. JAMBA DATE: 04/18/88
CONTRACTOR MGMT. APPROVAL(2): LEROY B. SPIVEY DATE: 04/19/88
NASA APPROVALS(1): J. ROBERT LANG DATE: 04/19/88
NASA APPROVALS(2): J. A. THOMAS DATE: 04/20/88
DATE APPROVED: CCB: 01/05/89 SSRP: 01/11/89 PRCB: 02/03/89
FUNCTION KEY: 8 S-NSTS/SHUTTLE I-INDUSTRIAL P-PAYLOAD

A-ADMINISTRATIVE O-OTHER CENTER/CONTRACTOR
KSC Computerized 6-32
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KSC HAZARD REPORT printed 07/26/93 06:01:31 Contractor:%zgﬁdA page 1
HAZARD NUMBER: SAAO05MH43-003 HO2 DATE IDENTIFIED: 01/11/82
STATUS (0O/C): C MASTER # K-SPC-00206=S5-KR TEAM: A26 LOG # 30

TITLE: THE DEMAG TC-4000 TRUCK CRANE OPERATIONS RESULT IN ORBITER DAMAGE WHILE
LIFTING AT A CONTINGENCY LANDING SITE BECAUSE OF EXCESSIVE WINDS

HAZARD DESCRIPTION:

The truck crane is used at contingency landing sites for Orbiter mate/demate
operations. It has an upper and lower structure; whereas, the upper structure
is for hoisting and the lower structure is for mobility. The crane lifting
capacity is a function of the boom and mast length, standard and additional
counterweight and operational radius. High winds would restrict mate/demate
lifting operations of the Orbiter with the two mobile crane concept at a remote
site.

HAZARD CAUSE(S8):
Winds exceeding 12 knots could result in side wind load velocities causing
swinging of the Orbiter and stress on the tag lines.

HAZARD EFFECT(S):
Loss of locad (Orbiter) and/or injury to personnel.

ENGINEERING/SAFETY REQUIREMENTS:
OMRSD File III, VOOAB0.030, "Max Wind Velocities for Hoisting Ops."

ELIMINATION/CONTROL/ACCEPTED RISK RATIONALE:

The 1lifting operation that is the subject of this report (Orbiter Mate/Demate)
is a two mobile crane operation. A 250 ton crane is used in conjunction with
the Demag 800 ton truck crane. Tag lines are used to control swinging of the
Orbiter.

1. The Demag TC-4000 truck crane is capable of handling up to 800 metric tons
(metric ton = 2204 1lbs). Under normal operating conditions, the crane load is
150 metric tons; additional counterweights up to 250 metric tons can be added.
Total load weight is maximum 50% of the cranes safe working limit.

2. Wind velocities specified in OMRSD File III, VOOABO0.030, are implemented by
OMI S5044, sequence 44-027 and verified prior to the start of operations, Q-buy
included.

3. OMI S5044, sequence 65 contains detailed instructions for securing the
Orbiter if high winds arise during mating Orbiter/SCA operations. These
instructions, which are dependent on the phase of the operation, involve use of
tagline restraint (with winches and a dynamometer).

VERIFICATION METHODS:
OMI S5044, sequence 44-027.

REMARKS/COMMENTS: (INCLUDE BACKGROUND, STATUS OF OPEN WORK, INTERFACES
WITH FLIGHT HARDWARE, OTHER CENTERS, ETC...)
REMARKS :

5/12/88 - SSRP changed hazard to an accepted risk/catastrophic due to wind

KSC Computerized 6-32
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KSC HAZARD REPORT printed 07/26/93 06:01:32 Contractor: ﬁggé page 2
HAZARD NUMBER: SAAROS5MH43-003 HO2 DATE IDENTIFIED: 01/11/82
STATUS (0/C): C MASTER # K-SPC-00206-S-KR TEAM: A26 LOG # 30

TITLE: THE DEMAG TC-4000 TRUCK CRANE OPERATIONS RESULT IN ORBITER DAMAGE WHILE
LIFTING AT A CONTINGENCY LANDING SITE BECAUSE OF EXCESSIVE WINDS

REMARKS/COMMENTS: (Cont’d)

restrictions and weather unpredictability. PRCB presentation 6/03/88 approved.

1/04/89 - Revised to clarify accepted risk rationale.
1/05/89 - Originally submitted in PCIN 50404G.
1/11/89 - Revised accepted risk rationale to include procedures for securing the

Orbiter if high winds arise during Orbiter/SCA mate operations.

KSC Computerized 6-32
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KSC HAZARD REPORT printed 07/26/93 05:53:16 Contractor: E%Oé page O
HAZARD NUMBER: RT=ENG-1019 DATE IDENTIFIED: 04/05/88
STATUS (0/C): C MASTER # K-SPC-00355-I-CR TEAM: RT LOG # 19

TITLE: PERSONNEL WORKING UNDER SUSPENDED LOAD FOR SRB PROCESSING (RPSF/VAB),
ORBITER STACKING (VAB), SSME MAINTENANCE (VAB/PAD), AND MDD (SLF/CLS/KSC)

RESP. ORGANIZATION: S8PC/LSOC
LOCATION/STATION SETS:20,23,29,31
BASELINES: 389.00,400.15

PROGRAM MODEL NOS.: K60-0531,K60-0533 ,K60-0534,K60-0562 ,K60-0563
EFFECTIVITY/MISSION: 26+

EQUIPMENT CATEGORY: A A-SHUTTLE HARDWARE C-SHUTTLE/GSE E-SUPPORT EQUIP.
B-PAYLOAD HARDWARE D-PAYLOAD/GSE F-FACILITY/SITE

RESOLUTION DOC.-- (ESR, EO, INC., OMI, OMRSD FILE 6, OTHER)
CR NUMBER: 50404N
FMEA/CIL: SAA09FY012-005, TITLE: SAAO9FY012-004
OMRSD NUMBER: 79K16835 TITLE: VARIANCE REQUEST MTI 24-80
OMI NUMBERS: B5303,B5308,B5309,Q3008,80004,T5149,V5044,V5E06,V9005
ESRS:
OTHER:
TYPE OF HAZARD: B A-DESIGN B-OPERATIONAL C-OTHER
TYPE OF ANALYSIS: D A-PRELIMINARY B-SUBSYSTEM C-SYSTEM D-OPERATING&SUPP.
HAZARD CLOSURE CLASS.: A E-ELIMINATED C-CONTROLLED A-ACCEPTED RISK
HAZARD LEVEL: CA CA-CATASTROPHIC CR-CRITICAL CN-CONTROLLED
HAZARD GROUP: I SEVERITY: Cg PROBABILITY: A,

PREPARED BY: A A-SPC B-BOC C=-PGOC D-Other

SAFETY ENGINEER: RT-ENG DATE: 04/05/88

CONTRACTOR MGMT. APPROVAL(l): JOHN W. JAMBA DATE: 04/15/88

CONTRACTOR MGMT. APPROVAL(2): LEROY B. SPIVEY DATE: 04/15/88

NASA APPROVALS(1): J. ROBERT LANG DATE: 04/18/88
NASA APPROVALS(2): J. A. THOMAS DATE: 04/23/88
DATE APPROVED: CCB: 06/07/88 SSRP: 06/22/88 PRCB: /[ /

FUNCTION KEY: I S-NSTS/SHUTTLE I-INDUSTRIAL P-PAYLOAD
A-ADMINISTRATIVE O-0OTHER CENTER/CONTRACTOR
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HAZARD NUMBER: RT-ENG-1019 DATE IDENTIFIED: 04/05/88
STATUS (0/C): C MASTER # K-SPC=00355-I-CR TEAM: RT LOG # 19

TITLE: PERSONNEL WORKING UNDER SUSPENDED LOAD FOR SRB PROCESSING (RPSF/VAB),
ORBITER STACKING (VAB), SSME MAINTENANCE (VAB/PAD), AND MDD (SLF/CLS/KS8C)

HAZARD DESCRIPTION:

Current KSC procedures for processing Solid Rocket Motors (SRMs) in the RPSF and
VAB require personnel to work under a suspended load (Static). Personnel are
also required to work under the Orbiter when it is lifted to the vertical
position while in the VAB transfer aisle to remove landing gear pins prior to
raising the gear. 1In the event an engine change or turbo pump change is
required at the PAD, personnel would be working under the SSME area while the
orbiter is in the Vertical position on the FSS. Also, changing a turbo pump in
the engine shop in the Low Bay at the VAB would require working under the engine
pump when it is being installed/removed. Personnel are required to work under a
suspended load when the Orbiter is mated to the Shuttle Carrier Aircraft (SCA)
at DFRF and when the Orbiter is demated from the SCA at KSC to remove/install
the landing gear pins. In the OPF, personnel are required to work under a
suspended load during installation/removal of the Orbiter’s manuevering system
(OMS) POD. They are allowed under the load when the OMS post is within 6 inches
of the ball socket.

Codes applicable to working under a suspended load are as follows:

A. Occupational Safety and Health Administration (OSHA) standards, 29CFR1910
subpart "N" 1986 edition.

a. 1910.179.n.3.vi (Overhead and Gantry Cranes) "The employer shall require
that the operator aveoid carrying the loads over people." (Dynamic Condition)

b. 1910.180.h.4.ii (Crawler, Locomotive and Truck Cranes) "No person should be
permitted to stand or pass under a load on the hook." (Static Condition)

B. American National Standards Institute (ANSI) 1967, 1968, & 1983 editions
read the same.

a. B30.2-3.2.3.e (Overhead and Gantry Cranes) "Loads should not be carried over
people. (Dynamic Condition)

b. B30.5-3.2.1.4.e (Crawler, Locomotive and Truck Cranes) "Loads should not be
carried over people. (Dynamic Condition)

C. NASA NSS/G0O-1740 dated July 1982, (January 1988 Draft read the same).

a. Chapter 2 (Cranes) 2.7.14 "...Loads shall not be moved over people. (Dynamic
Condition)

KSC/GP-1098E, Section 2.34, Ground Safety Plan, Volume 1 Safety Requirements
contains requirements for a pretest briefing to be conducted just prior to the
1ift to ensure no open items, all systems and support personnel are ready to
support. Loads are not raised, lowered or left suspended any longer than
necessary to accomplish the task. In the event of a contingency or if a problem
occurs during a lifting operation that prevents the completion of the task,
within the shift in which it began, the load will be returned to the prelift
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HAZARD NUMBER: RT-ENG-1019 DATE IDENTIFIED: 04/05/88
STATUS (0/C): C MASTER # K-SPC-00355-I-CR TEAM: RT LOG # 19

TITLE: PERSONNEL WORKING UNDER SUSPENDED LOAD FOR SRB PROCESSING (RPSF/VAB),
ORBITER STACKING (VAB), SSME MAINTENANCE (VAB/PAD), AND MDD (SLF/CLS/KSC)

HAZARD DESCRIPTION: (Cont’d)

position. However, presently there are two exceptions to this: 1) when the
SRMs are suspended in the Rotating, Processing and Surge Facility (RPSF) - to be
checked and inspected, and 2) during processing and stacking of the SRM segments
in the VAB. In the RPSF, the air loads/fiber optic video inspection and
ultrasonic inspection could require more than one work-shift. The tang
inspection in the VAB requires approximately 12 hours to perform; depending on
the problems identified, such as an on-bonding problem, a SRM segment could be
suspended in the VAB between 2 and 8 work-shifts.

While the above loads in the RPSF and VAB are suspended, two crane operators
continuously monitor the load at their control stations. One crane operator is
in the cab and the other crane operator is on the ground with the emergency stop
switch.

HAZARD CAUSE(8):

Failure of lifting devices: 200-ton crane in the RPSF, 250-ton crane in the
VAB, 10-ton crane in the SSME shop, and the 140-ton 3900T Series 2 crane, the
800-ton TC-4000 Demag, the 250-ton HC-268 Linkbelt truck cranes, and MDD
operations at the landing sites. Additional structural failures include the
250-ton hydraset and/or the SRM Four Peint Lifting Beam. Any one cf these
failures could result in dropping the load.

HAZARD EFFECT(8):
Serious injury and/or loss of life to personnel.

ENGINEERING/SAFETY REQUIREMENTS:

KSC GP-1098E, Ground Safety Plan,

OSHA standard 29 CFR 1910, 1986 edition,
ANSI standard, 1983 edition,

NASA NSS/GO-1740, July 1982.

ELIMINATION/CONTROL/ACCEPTED RISK RATIONALE:

At the present time there is not an acceptable method to perform SRM/Orbiter
processing and stacking which would prevent personnel from temporarily working
under a suspended load (static condition). The necessary operations include
segment cleaning, inspection, greasing, measuring, insulation debond repairs,
defect analysis, and other functions associated with preparing an SRM segment
for mating/stacking to minimize the hazard and reduce the risk to an acceptable
level. Each lifting device was thoroughly analyzed in accordance with NSTS
22206 and NSTS 22254. The 175-ton crane, the two 200-ton cranes in the RPSF,
and the two 250-ton Bridge Cranes in the VAB completed Design Certification
Reviews in January 1988. The only critical items identified pertain to the
250-ton VAB cranes. These critical items are covered in hazard report
RT-ENG-1027. The 200-ton cranes in the RPSF are being modified to use DC motors
and controls instead of AC to eliminate erratic Trolley and bridge movement.
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HAZARD NUMBER: RT=-ENG=-1019 DATE IDENTIFIED: 04/05/88
STATUS (O0/C): C MASTER # K-SPC-00355-I-CR TEAM: RT LOG # 19

TITLE: PERSONNEL WORKING UNDER SUSPENDED LOAD FOR SRB PROCESSING (RPSF/VAB),
ORBITER STACKING (VAB), SSME MAINTENANCE (VAB/PAD), AND MDD (SLF/CLS/KSC)

ELIMINATION/CONTROL/ACCEPTED RISK RATIONALE: (Cont‘’d)

At DFRF, the MDD is used to mate the Orbiter to the SCA. At contingency landing
sites, the 800-ton TC-4000 Demag and 250-ton HC-268 Linkbelt truck cranes are
used to mate the Orbiter to the SCA. The MDD is used to demate the Orbiter from
the SCA after it arrives at KSC. ©No single failure points have been identified
on the MDD or the mobile crane lifting devices. Also, the pinned landing gear to
be cycled require a landing gear clear area (2 ft. forward, 2 ft. each side, 2
ft. aft and gear doors clear to ground). Clearance must be acknowledged prior to
raising/lowering the landing gear and/or removing/installing the gear pins.

The SRM Four-Point Lifting Beam which is used for lifting the SRMs has a design
safety factor of greater than 5:1 based on ultimate yield stress. The System
Assurance Analysis for the 250-ton Hydraset SAA00KS01-001, identified only one
seal which is a Category 2 critical item. The failure effect would be a maximum
1/2" hydraset lowering due to O-ring failure/bleed down. The hydraset
structural design safety factor is greater than 5:1 based on ultimate yield
stress. In accordance with NASA and Industry standards, initial proofload
testing has been accomplished for all segment lifting system components. Annual
load testing and scheduled maintenance programs are currently in place (79K
Documents) for the KSC lifting hardware.

SAAO09FY12-011, 10-ton Bridge Crane, for the Space Shuttle Main Engines (SSME) in
the VAB low bay identified two single failure points. The Gear Reducer
(Criticality 1) failure mode would require disengagement or structural failure,
and the Solenoid Holding Brake (Criticality 1R) failure would be failure to
engage, or failure of the Mechanical Load Brake. The four hazards identified
include the lack of an upper limit switch (it has one upper switch) and the
undetectable failure of either the electric brake and/or the mechanical brake.
The fourth hazard pertains to personnel working under a suspended load during
SSME turbo pump installation which is included in this accepted risk. A safety
analysis was accomplished in SAAO09PPF134-001 (preliminary), Hypergol Safing
System, in the OPF and indicated no single failure points. SAA09FY01-001,
30-ton Bridge Crane, indicated no single failure points. An analysis on the
10-ton Hydraset was performed in SAAQ0KS01-002 and indicated 2 single failure
points; the seals on the piston head and the seals on the up/down pump assembly.
This analysis was a generic KSC center-wide review of all the hydraulic
operated hydrasets.

These in-depth system analyses of the lifting devices insure that safety and
cperational personnel, as well as KSC management, are aware that all potential
hazards have been identified and controls established to reduce the risk of
working under a suspended load to an acceptable level.

All crane operators are certified and licensed per KMI 6430.4 Examination and
Licensing of KSC Facility Crane Operators. Annual physicals for crane operators
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HAZARD NUMBER: RT-ENG-1019 DATE IDENTIFIED: 04/05/88
STATUS (0/C): C MASTER # K-SPC-00355-I-CR TEAM: RT S ¥ 38

TITLE: PERSONNEL WORKING UNDER SUSPENDED LOAD FOR SRB PROCESSING (RPSF/VAB),
ORBITER STACKING (VAB), SSME MAINTENANCE (VAB/PAD), AND MDD (SLF/CLS/KSC)

ELIMINATION/CONTROL/ACCEPTED RISK RATIONALE: (Cont’d)
are required. To further minimize these hazards, only the personnel absolutely
necessary toc perform the operation are allowed to work near or under the

suspended lcad.

All operaticns at KSC, with regard to working under a suspended load, are under
"STATIC CONDITIONS" only. In nc case is a load moved over personnel.

VERIFICATION METHODS:
The following OMIs contain steps and/or cautions to alert personel of the hazard
and the requirement to minimize time under the suspended load:

RPSF

OMI NUMBER TASK/OPERATION

B5308 Cleaning of segment tang/capture feature for inspections

B5308 Cleaning of Aft end SRM insulation and J-Joint surfaces for
inspections

B5308 Inspection of tang/capture feature (visual)

B5308 Inspection of SRM Aft end insulation, propellant relief flap and
J-Joint surfaces (visual)

B5308 Air load/fiber optic video inspection of the capture
feature-to-insulation bondline

B5308 Ultrasonic inspection of the insulation bondline behind the
capture feature barrier O-ring groove

B5308 Installation/removal of protective pie-shapes over forward

insulation and propellant surfaces of SRM while handling
ring/end cover assembly is suspended above

B5308 Mating of Aft skirt to RPSF build-up stand support post ball
fittings (cleaning surfaces)

B5308 Installation of protective velostat sheeting on tang aft
surfaces

B5308 Inspection of SRM leak ports

B5308 Application of grease to bare metal surfaces of tang/capture
feature

B5309 Cleaning of SRM Aft segment tang

B5309 Inspection of SRM Aft segment tang and crotch

B5309 Application of grease to Aft segment tang

B5309 Positioning of external tank attach (ETA) Ring on Aft segment
stubs

B5309 Installation/removal of protective pie-shapes over forward

insulation and propellant surfaces of SRM while handling
ring/end cover assembly is suspended above
B5309 Mating of Aft skirt to SRM transportation pallet support post
ball fittings.
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HAZARD NUMBER: RT-ENG-1019 DATE IDENTIFIED: 04/05/88
STATUS (0/C): C MASTER # K-SPC-00355-I-CR TEAM: RT IOG § 19

TITLE: PERSONNEL WORKING UNDER SUSPENDED LOAD FOR SRB PROCESSING (RPSF/VAB),
ORBITER STACKING (VAB), SSME MAINTENANCE (VAB/PAD), AND MDD (SLF/CLS/KSC)

VERIFICATION METHODS: (Cont’d)
B5309 Installation of O-ring prior to segment mate. (Segment

suspended 3’ above another segment. Technicians hands/arms
under suspended load).

VAB

(B5303 Repairs of defects on SRM insulation, J-Joint, or metal parts in

work) (SRM or FWD ASSY) - not used for STS-26R.

B5303 Cleaning Aft skirt shoes and HDP bearings prior to set down of
Aft booster assembly on MLP

B5303 Connection of GEI umbilical plate to bottom of Aft skirt prior
to set down of Aft booster assembly on MLP

B5303 Reshimming of HDP Spherical bearings to meet HDP load
distribution requirements

B5303 Sighting of HDP Spherical bearing DELTA scales during reshimming
operation

B5303 Cleaning of segment tang/capture feature for inspections

B5303 Cleaning of Aft end SRM insulation and J-Joint surfaces for
inspections

B5303 Inspection of tang/capture feature (visual)

B5303 Inspection of SRM Aft end insulation, propellant relief flap and
J-Joint surfaces (visual)

B5303 Air load/fiber optic video inspection of the capture
feature-to-insulation bondline

B5303 Ultrasonic inspection of the insulation bondline behind the
capture feature barrier O-ring groove

B5303 SRM tang J=Joint and relief flap profile measurements

B5303 V-2 volume filler installation in tang capture feature

B5303 O-ring and barrier seal installation during field joint mating

B5303 J-Seal abrading

B5303 J-Joint adhesive application

B5303 Final joint closeout inspection

B5303 Field joint assembly fixture (FJAF) installation

B5303 Field joint mating process

B5303 Forward assembly clevis cleaning

B5303 Forward assembly clevis inspection

B5303 Forward assembly clevis grease application

B5303 O-ring groove inspection

T-5149 ET OFFLOAD MOVE AND SECURE IN C/0 CELL

ET transporter is driven out from under external tank
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TITLE: PERSONNEL WORKING UNDER SUSPENDED LOAD FOR SRB PROCESSING (RPSF/VAB),
ORBITER STACKING (VAB), SSME MAINTENANCE (VAB/PAD), AND MDD (SLF/CLS/KSC)

VERIFICATION METHODS: (Cont’d)
(technicians steer transporter).

Disconnect Aft hardpoint- (2 persons under external tank raised
slightly off transporter)

VAB ORBITER HANDLING/HOISTING

50004 Slowly raise both 175-ton and 250-ton cranes until Orbiter main
gear clears floor 6 inches +/- 4 inches.

S0004 Remove safety pin (G070-502453) from Nose Landing Gear Door and
Ground Pin (GW70-500696-002) from Nose Landing Gear Lock Brace
Assembly.

50004 Remove safety pin (G070-502461-001) from left main gear door and

Ground Pin (GW70-500696-003) from left main gear.

S0004 Remove safety pin (G070-502461-001) from right gear door and
Ground Pin from the right main gear.

S0004 Inspect tile on and around landing gear doors.
SSME LRU COMPONENT INSTALLATION/REMOVAL IN VAB - LOW BAY

V5E06 Lifting operations in SSME area to remove/install SSME turbo
pump .

ORBITER AND SCA MATE/DEMATE

55022 Orbiter SCA mate/demate at DFRF/KSC

55044 Orbiter SCA mate/demate at contingency landing sites.

V9005VL1 Hydraulic standard power up/power down for raising/lowering
landing gear.

V5011 OMS POD removal/installation in the OPF.

03199

REMARKS/COMMENTS: (INCLUDE BACKGROUND, STATUS OF OPEN WORK, INTERFACES
WITH FLIGHT HARDWARE, OTHER CENTERS, ETC...)
REMARKS

6/22/88 - SSRP changed to Industrial. This HR was neither approved nor
disapproved with CR 50404N, but left to KSC to control as an Industrial hazard.
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TITLE: PERSONNEL WORKING UNDER SUSPENDED LOAD FOR SRB PROCESSING (RPSF/VAB) ,
ORBITER STACKING (VAB), SSME MAINTENANCE (VAB/PAD), AND MDD (SLF/CLS8/KSC)

REMARKS/COMMENTS: (Cont’d)

This hazard will be maintained in the KSC Hazard Data Base. Status changed to
closed. "Damage to flight hardware" deleted from hazard effect data element.

2/17/89 - Added O-ring inspectoscope operation and references to cranes and OMIs
used for Orbiter/SCA mate/demate at DFRF/KSC/CLS. Also added reference to
hazard report RT-ENG-1027, which covers the 250-ton VAB crane single failure
points.

BACKGROUND:

The Occupational Safety and Health Administration (OSHA) has stated that OSHA
will not issue waivers to authorize the exposure of employees working beneath
suspended loads. OSHA also states that any work procedures requiring such
exposure are done so at the risk of the employer. The following reduces this
risk to an acceptable level:

a. All GSE developed for processihg and inspection is designed to preclude the
exposure of employees under suspended loads where ever possible.

b. All inspection techniques are developed with proper inspection tools that
would eliminate inspection procedures under suspended loads where ever possible.

c. In those cases where it is not feasible to eliminate employee exposure
working under a suspended load, an appropriate risk assessment must be made to
assure the controls employed and the risk acceptance rationale is approved by
management.

OPEN WORK:

The current Operations and Maintenance Requirements Specifications (OMRS) for
the 200-ton crane in the RPSF and the 250-tone crane in the VAB are 79K27158 and
79K16835. These documents are currently under review and the requirements for
the OMRSD File VI are being prepared.
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7.4 FAULT TREE ANALYSIS

A qualitative fault tree analysis was developed with the top event identified as “Personnel
Injury/Loss of Life and/or Damage/Loss of GSE FHW.” Potential hazardous conditions

leading to the top event have been assessed on the Hazard Analysis Worksheets located in
Section 7.5.
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7.5 HAZARD ANALYSIS WORKSHEETS
The Hazard Analysis Worksheets were prepared in conjunction with the fault tree analysis

depicting the specific hazardous conditions, causes, effects, safety/engineering requirements,
and hazard elimination/control provisions. Worksheets are attached.
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8.0 LPS CONTROL/MONITOR FUNCTIONS REVIEW

8.1 APPLICATION SET CONTROL LOGIC REVIEW

There were no concerns identified in the Software Application set for this system.

8.1.1 Prerequisite Control Logic Review. There is no Prerequisite Control Logic associated
with the critical functions assessed in section 4.0 for this system; therefore, no Prerequisite
Control Logic Review is required.

8.1.2 Reactive Control Logic Review. There is no Reactive Control Logic associated with the

critical functions assessed in section 4.0 for this system; therefore, no Reactive Control Logic
Review is required.

8.2 LAUNCH COMMIT CRITERIA AND GROUND LAUNCH SEQUENCER REVIEW

There are no Launch Commit Criteria requirements for this system; therefore, no Launch
Commit Criteria Review is required.

8.3 LPS/CCMS CONTROL FUNCTION ANALYSIS

The LPS/CCMS does not provide any control and monitor functions for the critical functions
assessed in section 4.0 for this system; therefore, no LPS/CCMS Control Function Analysis is

required.

9.0 END-TO-END ANALYSIS

This system interfaces with and requires the support of the systems depicted in Figure 16,
End-to-End Block Diagram. An assessment of the loss of each interfacing system follows.

Table 16. Interfacing System Loss Assessment

Interfacing Concurrence in Other SAA
System Title Effect of Loss SAA Number Comments
95-Ton Hydra-set Loss (damage) SAAO09FTO1-011/A Yes
(H72-0828-02) to a vehicle
system
Orbiter Ferry Loss of orbiter SAR Yes
Sling and/or SCA 294-400-85-176
(H70-0743)
Aft Spreader Bar Loss of orbiter SAR Yes
Adapter and/or SCA 294-400-85-100
(H70-0790)
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Lw

LINK BELT 250-TON
TRUCK CRANE

SAAQ9FTO1-004

55-TON HYDRA-SETS

SAADIFT01-011

AFT SPREADER BAR
ADAPTER

SAR294-400-85-176

ORBITER FERRY
SLING

SAR294-400-85-100

FIGURE 11. END-TO-END BLOCK DIAGRAM OF THE
250-TON LINK-BELT TRUCK CRANE
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10.0 SNEAK CIRCUIT ANALYSIS

There was no Sneak Circuit Analysis performed on this system.

11.0 EMERGENCY SAFING ANALYSIS

There are no Emergency Safing Circuits associated with this system.
12.0 CRITICALITY CATEGORY 1R ANALYSIS

Improper performance of this system could result in loss of life or vehicle; therefore, the com-
ponents in the critical functions are analyzed in the following reliability block diagram.

12.1 RELIABILITY BLOCK DIAGRAM

The components of this system are described in the following reliability block diagram. The
reliability block diagram depicts the logical relationship of system components in series and
parallel paths that lead to the desired event. Those items identified as criticality category 1R
are summarized in section 12.2.
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12.2 CRITICALITY CATEGORY 1R ITEMS

There were ten criticality category 1R items identified in section 12.1 for this system. The 1R

items are summarized on the following Criticality Category 1R Items Summary Sheets (Work-
sheet 5122-014).

99
930819bkPS0108



SAAQ9FT01-004

REV. A

"IIDIH3A HO/ONY 341 40 SSO7
NI LINS3Y @INCI TwaAS Ov3H NOLSId
| | IHL 40 FHNTvd LNINOISSNS NOIL
| -1S0d O3MOLS NI ¥IWT HLIM S¥NJ20 S00'FO0-LOL4E0 2
FHNTed 41 ONILHT ATMOTS TIIM HIAN! NOILYNIWWLINGD LBEDIET
AT 3 “IAD "OWO1 3HL LHOddNS TUM Tv3s ‘FENTIwd ONIEdS 9 La-FLEEVEE e lVE ]
-NNNY 1531 Q01 g3lvy = QvaH NOLSId HO/ONY JATVA X307 {3018 06EL-2LH FNON
ON 40 NOILWDIZIH3A $3HIN03Y Wh ¥ 3015 ONIME H3ONNAD "133443 ON Qo¥! N3dO 8w [$AS/F) 3ATYA HDOT BL'ZL 8L SL /0FL-tb-L
"F1DIHAA HO/ANY 3411 40 S5071
NI LINS3¥ TNOD T9ES dWEH NOLsId
JHL 40 J8MI¥d LININDSSENS 'NOIL |
-1S0d QIMOLS NI AIVT HLIM SHNDJ0 F00'7O0-LOL4G0 "2 !
JHMId 41 ANFLXS ATMOTS THM 93ONI NOILYH 81w |
AT 2 “1AD ‘007 FHL 1HOddNS TM T3S Sl "ONINGS Avam '@
-fiINNY LE31 OW0T Q3L1vE 8 0%3H NOLSId ¥CraNY SATVA H20T ATHMLYHIYd
oN 40 NOILYDIdIH3A STHINOIE N ¥ 30IS ANIMNE ¥30NMAD “LD3443 ON sananay e
‘FIDNHIA HOMANY 3411 40 §801
NI LINS3% 0IN02 Tw3S Ov3H NOLSId
SHL 40 38NV LNINOISENS "NOIL
*I50d O3IMOLS NI XIVT HLIM SHN300 £00°¥D0-LOLJB0 2
FuNTIwd d1 ONILXKI ATMOTS TIIM §3ONI NOILYNIWWLNGS LIO-FLEEWES B5PLrEL
ATV 2 “1AD 'OV 3HL LHOddNE T Tv3s ‘JUNTAYS ONIEDS 9 DBER-2LH TN
-NNNY 1531 OWO G3L1vy g Qv3H NOLSId HO/ONY 3ATYA X207 {3018 ANTRA HMION ANON
oN 40 NOILYDIHIHIA S3-IN0IY YN A\ 3015 ANNE YW3ANNAD "123443 ON QoY) N3dO Sl ® HAIWT W3dWNE INOHS 8 /ooe-ar-i
'FIDIHIA HO/ONY 3417 40 S5O
Ni LIN$3Y 0INOD T3S OW3H NOLSId
3HL 40 3¥NTvd LNINGISENS “NOIL
-150d GIMOLS NI HIWT HLlM SENDDC 200°+00-40L380 2
SHMIwE 41 NILXKE ATMOTS THiM 3N TwIS LND ‘N¥Dm 9
ATV 2 “1A2 "Q¥07 IHL 1HOddNS 1M T3S (Fowivai
-NNY 1531 O¥0T Q3Lvy | I | O%3H NOLSId HO/ANY IATVA IO TYNHALKS)
ON 40 NOILYOI4IH3A STHINO3Y | Wi e 3QIS ANME HIANMAS 103443 ON JUMlivd Tv3s 00" e
] |
i “FIDIHIA HO/ANY 341 S0 SSO7 NI
| 1INS38 @INCD 313y TWVINHIHL 38Nl
“fW3Hd HO Tw3S 008 3HL 40 3uNTres
LN3ND3SANS "NOILISOd d3MOLS
NI 3O¥F HLIM SHND00 36NN
4l ONILHI ATMOTS TTIM HIONMAD LO0P00-LOLIED 2 i
T3S GOY JHL HO 3ATVA D07 3HL Tv3S LN ‘NHOM G HO-FIEEVEZ | Isieras
AT 3 A 0IAND0TE S| HOIHM HIANNAD WONS [ERLrLEY 0BEL-ZLH | W4
=NNNY 1§31 OvOT O31vy g QiNTd 40 LNIWIDWIdSIa STHIN03y ToNUILNI JunTivd 30N | INON
ON 40 NOILYDIHINZA S34IN0TY Al i Q0¥ HIONITAD 40 LNIWIAOW Tv3S Ov3H NOLSId “TAD AT H3dWnE § /DLEgT-L
azdindbay {S)LNIWIYINDIY OBOE vd - 55vd Al3dYS TANNOSHId HO/ONY HWd "3 ‘ON LIIHS/ONIMYEO 'ON 1l¥vd D4dW
SISATYNY NOILD34SNI ONY LS31 WasSr Ol ELEEERE] SWILSAS ITIIHANIONY WHOIHI 3sNv2 "9 "ON T300W WYHED0ud AWTH DI
HMOQ dv3l I IANT0A 1A 304 SHINO SWHOINGD  |ADNVONNOIY W3ILSAS NO 133443 3dnTivd JO0M 3UNTIvd e AWVN LEvd 'ON LYVd WSYN
ON aNId

LL-28 DOST "I 8 A pasedeug

EGEL LSNDNY =IeQ
66 epoD Rijied1eg uopelg

FULLNHS 30vds wedbodg

INYHD HONYL NOL-052 L7138 HNM

O0'0EE  auljeseq
weshs

AYVIWINNS SWALI ¥l AYODILYD ALIMVOLLIYD 2o 1 sbed) /1 siqeL

100

WORKSHEET 5122-014
930819bkPS0108



SAAQ9FTO1-004

8 el

"I1DIHIA HOONY 341N 40 S50
NI LINS3d QINCD Tw3s av3H NOLSId
3HL 40 IENTws AININDISENS “NOIL
-IS0d GIMOLS NI MIVT Hliw S¥NJ20 £00'v00-LOL460 =
WAV 21 NILXE ATMOTS T E30NI YIS LND ‘NEOMm 9
ATV - S “1AD 0¥ 3HL 1Y0ddns Tim Twas (FOWHYE
-ANNY 1831 OYOT 031w g avaH NOLSid ¥O/ONY IATYA MO0 TYNYEILXI]
oN 40 NOILYDIZIHIA SIHINGIY wN ¥ 3015 ANMNE YIONMAD 123443 ON FHNTwd TwES A0y
"TI2IHIA HO/ONY 341 40 §5C7 NI
1INS3Y gIN0D 4313 IvWHEIHL 38Nl
“vNIdd HO Tv3s AOH IHL 40 JENTIvE
ININOISENS "NOILISOd QIMOLE
NI ADWT HLIW SENI20 36N
31 ONILXS ATMOTE Tlim ¥30NNAD £00°'¥00-LOL460 2
W3S QO IHL ¥O IATYA ®I07 3HL YIS LND 'NHOM 9 LO-FLEEWEZ OOSErEZ
TATTY 3 AS Q2XI0TE S| HOIHM ¥3ANMAD WOXS (3T EEL-24H Wi
-NNNY 1531 Ovol 03lve -] difid 40 LNIW3IDI4S10 STHINOTY TWNEILNG FHNTE [SAS/F] "ABSY WIONI ANON
[s1]] 40 NOILYDIAI¥3A STHINO3Y wN v Q0% HIANMAD 20 LNIWIADK W3S Ow3H NOL1Sid E ~1AD WOWT H3DOIELNG £2 '22 12 '02 /0'G2-OF-L
“TIDIHIA HOONY 347 40 §507
NI 1INS3¥ 01N0D T3S avIH NOLSId
2HL 40 WMV LNINGISANS 'NOIL
-1S0d GIMOLS NI MOV HLIM SHNJI20 900°FO0-101460 2
FYATIVS 41 ANILKI ATMOTS TIIM H3ANI NOILYHEITeD
ATV 2 1A "O¥07 IHL LHOHdNS 1M Tv3s S "ONIEdS ¥¥3aM 9
-NNNY 1531 w01 O3lvy g OY3H NOLSId HO/ONY IATYA M0 ATHNLYWIEd
ON 40 NOILYDIHIM3A STHINCIY Wi w 3015 AONME Y3aNNAD 103443 ON §3A3N3Y E
LEFT I E (SILNIWIHINDIH 0808 T4 - $SVd AL3IWS TANNOSHId HO/ONY T TEREE "ON LIFHS/DONIMTHEAO ‘ON l¥vdd Ddm
SISATYNY NOILI3dSNI ONV 1531 W2Sr oL SNITHIS SWILSAS FTIHINIONYINHOIHId asnva 4 'ON 1300 WYHOOud AWYN D9
NMOQO ¥v3L I AWNNT0A LA 314 SHWO SWHO4NOD |[AJINVANNTOIY WALSAS NO 103443 38nivd 300W SHNIwd T AWYHN LHVYd "ON LdVd YSYHN
‘ON anid

Li-28 D07 ‘ST 'E A8 patedaiy

£661 L3N2NY 210
66 Bpo) A)||12E4/185 UDIEIS

FILLAHS 32vds weaBoig

ANVED HIOMYL NOL-052 1738 MND

DO'DEE Buljeseg
waysis

AMVININNS SW3LI ¥l AMODILVD ALITVOLLIYD ¢ o ¢ obed) £t @il

101

WORKSHEET 5122-014
930819bkPS0108



SAAO09FTO1-004
REV. A

13.0 AREAS OF CONCERN

There were no Areas of Concern identified during this analysis.
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